A::3i:c3:icn for Reissue cr 



U.S. ?a:en: ,vJa. SASl/i 20 
of 



Micr.ei GcndCLiin 
for 



"Dovvnnofe Equiomen:, Tools and Assembiy Procedures 
for the Drilling, Tie-in and Comoleticn o: Vertical Cased Oil Weils 
Connected to Liner-Equtaped Muftipfe Drainholes* 



vrjir :? LI : c lis 



o 

s- 
u 

m 
u 

a 

4 
ft 



1 



dovr-miole equipmenx tools \>d 
aS5?;mbly procedures for the 

DRTLirs'G, TIE-CS' ASD COMPLETION OF 
\XRTIC.\L CASED OIL WELLS 
CONNECTED TO LINER-EQUIPPED ^ 
MULTIPLE DR.AIN-HOLES 

FIELD OF THE CV^-HNTION 

Horizonui wells have been usee extensively m ::z:tTO%t- >q 
aeous resen'Oirs io iiiiirsect fracoires and/or :o reci'jcs 'j^e 
deiTjneaiaJ ecscrs of gas coning ar.d waier 'coair.g. I: hai 
':?een shovrT. oa: such weiii arc capable of higher oii 
production raics ihan verJcal wells dnilcd m Lie 5an:e 
reservoir, in ieosc cases, mc higher productivirr' nore *Jnn ^5 
ofr$ecs chc higher cost of drilling and compIcDon of the 
horizontal well. Theory prcdias ihat the use of niuidpie 
horizoncai draiaholcs correspondingly muiaplies che tool 
well productivity. Indeed many vertical cased wells con- 
nected to twin or multiple honzontai drainholes of aeciux 20 
(50CU200 u) and shon (I5CM0 ft) radius of cur-'aoire have 
been succcssfjiiy used in compact oil reservoirs, such as tne 
Ausnn Chaik, m which open hole compietion of the drain- 
holes is applicable. 

In many cJasuc reservoirs, however, the strength of 25 
unconsolidated sands or of friable sandstones may be msuf- 
ncient to fcccp horizontal dramholes open. In sucn a case^ Lhe 
horizontal and deviated par^ of each dramhoie must oc jcept 
open w:th a tubular Uncr which is tied ;o the vcmcai casing 
using convcnuonal equipment and known assembly procc- 30 
dures. Tnis hzs been done m many different clasdc mscr- 
voirs. containing light or heavy oil. for horuonral wells 
consisting of a single iiner-cqmpped drainhole. 

A patented U.S. ?2L No, 4,787,465 drilling and comple- 
tion technique for multiple drainholes of ultra-short (ca. 10 3^ 
ft) radius of curvar^ has also been used in such sandy 
reservoirs^ but the linen of the short multiple drainhoics arc 
not ticd-in to the vertical casing and tneir inner diameter and 
curvalure radius are too small to allow the use of conven- 
tional logging and cleaning :ools. 

SUMMARY OF THE INVENTION 

The present invention addresses the problem of drilling, 
cemcntaiion and tic-in by prcssure-dgh; connections to a ^3 
casing of twin or multiple drainholes of medium to short 
radius of curvana^ (typically 500 ft to 40 ft) equipped with 
liners of sufficient diameter to allow the passage of available 
well logging, penorating, cementing and cleaning toQls» for 
subsequent weil maintenance and repairs. 50 

The next step is to provide the means to bring up the 
reservoir fiuids and/or to mjcct fluids Srom the sunacc into 
the reservoir through the dminhoie linen. Depending upon 
the mode of exploitation of the well and field condidoRS. a 
great variety of tubing compledon assemblies may be used 55 
for these purposes. The simplest, which allows only com- 
mingled flow from or into ail drainholes simul'^eously, 
does not even requires any additional equipment if vertical 
i^ow is through the casing, but it provides mirimum opera- 
tion^ flexibiiicy and no sarcry controls. For these reasor-s, 60 
additional equipment (at leas; a properly sized prtJducnon 
nibing or a idll string for safety, for instance, and or^ a 
hanger or a paclcer) wiU be used in the field. Tae mbing 
completion assembly which provides the greatest opera- 
tional flexibility and safety is that which provides a direct is 
connection of each diamhoie separaiely to a tubing, thus 
leaving ihe casing/Tubbg annuius available for other uses. 



IS 



33 



55 



60 



55 



o: ..-7.?it:zi--^s rvrx o: :'e:eroser.eOLi r::^ir. C-5 
■'^ea^•^ Z'l rtco^tr^ zroctsi arc iii ir;ic:ed i!:::!.- cu::!-:; 

-i.rC^.rf*. ar.c L'5 Pa:. No. 5.0^52^5 'J3u:g sor.e o: ±z 
iQ-c-tT.:ztscr:x^:zU,S ?2L No 5,052,-^52. Tze prts;n: 
•jiveztion. :ow;vcr. coes ac: orrcluc:: -Jii use o: airioiv 
'ciov-a r--p:ir co-cisuon di3:g:2J. s^-sr.sver l-.;/ are s^'- 
rc:cc: :oc r.i acp::::arcz zozi'.i^zt. Kjiowr. ^l^-cc'-S o: 
do^A^oli iqu; pc.cn: (valve -ppie ;Oir/^. si:'::>- joL-.o. 
r^w-ievaoi;: piug5. . } liso added, zs zt::ccd, '.o 
u^.; novel r-bu:g coc:picL:on iss^rzb.y :o pcrtorm sprsrinc 
addiuoral nsks 

:rod'jcu3a sce;ir2 x is surface. T?,t press::: '-vtcaon 
i::ciudi5 Muipncc: prDvidir.g Lh= r^azs of p'^pi:::g pro- 
d-:ctd i:::ds and c: izjscur.g sieaz: azi'or ocdrr g35cs :z 

vviih i<j::er3. SzrA -prDd'zzHQr. being rrsu=r.: such r=^- 
voirs. 'ids cnindoiis nay 'o^ gnvc! :;2cxrd or ccu:pp^:d ^vj: 
^crtczs or si:o:cc:cd :o iaow- sa::d con^oiidanoc cccr.- 

ZiCTZtS. 

Tzc dciirsd well a^d drajLr.no ics ccnigura'dcz :=ay >: 
cbLiiPxd r/dicr vt-.-j: cniLrtly c=w wclb or by rr-czry u::o a:: 
existing vcrJca! cased wcil, u-. ^^rca case ±c rricuircd 
2sd prT>7.Tdvrss arc soxcwcia: ci-crcnL 
b aii cases ic ;s L'i:ccd=d to obtaia icax-proof camccao::^ 
bccvr-ccn tdc drsizdolc liacrs and idc vcrical caiidg and 
between tbc dr^rjiolc liners and ihc czbL^gs used r:n=r for 
production, injccdon and pimping Tac dcsirabiiiry of a 
sys:r= which can be insullcd :n as few s:=?s as possoic and 
which can easily be disassembled dunng tuv^c worx-over 
opcraiions has icd :o develop do«.TJ:olc cquiprienc and 
si^ced'-L-es, y-rdch coni'orm proven oU 2z\i sa:*cr/ 
pracnces. 

l>jc 10 L-.c connjScx nanrc of oil rz servo u^, ispcciaily 
^ L10SC c:ade-up of dzszz rocxs dcposi:cd in agi'Laied wa:cr 
(Flu Yio- Deltaic cavvonmcn*^ orbidi'-c currents or near short 
scdiicenimon) or -j:osc res-Jting frtjm soi{en u-anspor. 
(Dunes), the presence of various sedinxnt hcterogencnes 
and fracnres. together vr.fh other r:scrvoir cr.guaeer.ng 
^3 conside:adoT:s regarding waier/oii and gas/oil coniaos loca- 
dons, reservoir auid pressure and soiutioa GOR of the 
produced oil. *^1U dioate \-anous weU and drair.hoie con- 
ngurations. 

Although the n:ost cer^ucntiy appUcablc is d:at of r*-in 
50 drahiholes wi-ji uheir rtspccdve hor.zoniaJ sections oriented 
at ISO degrees nom each other, die equipment, tools and 
procedures which ^ill be descnbcd are not resLncted to that 
single conf guraaon. It ^iil become apparent to those sScUed 
in the ar. thai sindlar ecu:pmen: and procedures may be 
adapted to all other multiple drairJiole connguradons with- 
out deparung from the sp-^/. of this invention. 

Ranxed in increasing degrees of complexity, the cases of 
drdhng, ue-m and completion of new wells mciude: 

1) side by side cranholes iaciced-of from Lhe 'Douom of 
a verJcal cased v»,ei], using a t^i^-in whJpstocJc, 

2) s:de by side drairiioles corjitcted by intermediate 
liners to the bottom of a verncai well, 

3) side by side dramholcs oo'^ed n^m a des-iated cased 

-1) racked drainholes idcked-c? one above the other from 
a new verdnai cased weU Two diferent tie-:n ncmods and 



-1 

iquiprzer: :ypes v^^il be cei~bec, ons '^izg *^:e5coc:c ime: 
i'.'-bs 21: ci tskscopic coaaec:cr rjces :o :ie-in and coa:pie:2 

5) use of a Single punp :o: com dnnaholss, Iccatsti above 
the ;<ic'x-on pomii, 

6) conveyance 0: !ow GOR produciion streanis from each 
craizhole Lhrough a s>'phon to a single pump 'loczitd r.ear '.he 
base of an oil suco well beiow rbe kick-oc" ^ouits, 

7) punping of eich dranhoTe wi:h a pump !oca:ed a: or 
aear Lhe si an of die honzoT-al segcea:, 

3) sirruicaneous iijecuoa 0: steam and^or gases m:o one 
drainhole while producing oil and wa:er from ±c oLxtr 
crainhole, as laugac h u U.S. Pat. Nos. 4,706.751 and in ^5 
appiicadoG No. 512,317, r.ow U.S. Pac. No. 5,0S5,275. 

For rc-eniry into an exisnmg vertical cased well, modined 
equipment and procedures vrM be described, corresponding 
:o cases similar to cases 1. 2, 4. 6, 7 and 8 above. 

20 

BRIEF DESCRIPTION OF DR-AWINGS 

FIG. 1 is a ver-ical cross secaon of ihe special casing joint 
v^-'ith cv.in whipsiocics used in Case 1. 

FIG. In :s a perspecdve drawng showing the base of the ^5 
reir.evable top whipstock of Case 1. 

RG. 1^? is a verdcai cross secuon showing the dminhole 
te-io to the casing. 

FIG. Ic IS a verdcaj cross section showing the tubing 
conpleaon. 30 

FIG. li^ is a vcr^cai cross secnon of an overshot-type tool 
used in case 1. 

FIG, 2 and 2a are vemcal cross sccnons showing sche- 
matically the successive nhases of Uhe operaaoos required in 
Case 2. ' 

FIG, 2b is a vertical cross secuon of the sphcncal seal 
union joint used in Case 2 and in subsequent cases. 

FIG. 2c is a schematic verdcai cross secdon of a hydrau- 
lically operated tool for punching multiple slots into '-hin ^0 
gauge liners. 

FIG. 2J is a schematic vertical cross secuon of the tubing 
completion assembly used in Case 2, 

FIG, 3 is a vcrdcaJ cross section of a soedal casin? foint 
equipped 9.-ith a driliable packer and rctrievabie whipstoc.k "* 
for drilling and comDlcdon of the side-tracked hole of Case 
3. 

FIG. 3a is a vertical cross secdon of an intermediate liner. 

FIG. 3h is a vertical cross secdon of Lhe deviated cased 50 
well and side- tracked hole of Case 3. 

FIG. 3c is a venical cross-section of the ovenhot-cype 
tool used in Case 3. 

FIG, 4 is a ver::caJ cross secdon showing the special 
casing joint with its smb extended and cemented in the 55 
reamed cavity of Case 4. 

FIG. 4a is a vertical cross secdon showmg connecdon to 
the snibs by means 0: araculared connector rubes, 

FIG. 4b is a scnemadc flow diagram showing the con- 
necuon to the stubs by means of telescopic connector mbes. 

FIG. 4c and 4d are verdcai cross sections showing tele- 
scopic connector cubes respccavcly in the retiacted and in 
the extended posiuons. 

FIG. 4e is a schctnaac verjcal cross section showing the 65 
tubing compledon assembly for two pairs of stacked drain- 
holes in Case 4 



- "^tli ir.c r.v-j: cnizzoles, izo^-s.^ iif:r:-: cosjvrie rur.p 
FIG 6 :s a scciciii^c v^^c^ii —oss s^zov. of 2 weil a:::: 
reservoir 

rTG 6c IS 2 scbinatic ciagri-T: shov,-j:g 'i^j opcnicio:: of 
r.e pencdic gas purging sysiec:. 

FIG. 6b :3 2 'TTOis seccoa 0: Lhe :?en:st!:c:iv; p[rg ^^d 
venr^ us;d for continuous gis purging. 

FIG. 7 IS a v;rjca! cross section of :hi rubing coz:pI;L:or: 
assembly used for duni pumps in Cas; 7. 

FIG. S and S<z are venicaJ cross seccons 0: d:e nibing 
Li coepisaon assercoiy -^d for Case 8, wi-j; the wcil uc-in 
confguradon of Case i. 

FIG. 9 and 9a ^rz vzrzc2l cross secncns of 'Jzz special 
casing inser. of Case la and 3c res?scav-!y. 
^ FIG. 10 iS a vertical cross seen on of iht special casing 
pa:cn w^.vi '.zltsco-p-.c sxbs used in Case 4a. 

FIG. 11 IS a schc3ia::c verdcai cross seciion of 'jie cove! 
cas'j]g parca used for side-cracjcng and cemenong mieme- 
d:3;e liners in case 4a (second cnbochnent). 
15 FIG. 12 is a schcn:anc vtrucai cross section of ihc vSoi^i 
ccmpleaon assembly including cwo ardculaxed cocnec:or 
n:oes for Case 8a waen an oil sump is used. 

FIG. 13 IS a schemacc vcmcaJ cross section of me upper 
par. of the rubing compleaoa assembly for "hu? and puf" 
30 s;eam injecuon of Cases S or when dual pumps and a 4 
scring hanger are used, 

DET.AILHD DESCRIPTION Or TnE 
INVENTTOM 

35 

CASE 1 OPrVTs^ m^IPSTOCK) 

tn Case I a verucai well is drilled to a depth sijghdy 
greaier than that of Lhc common kick-otf dcpL^. of ±'c 

iO 'i^icholes. The casing sring is mads-up by including 3 
spccai joint immediarely above the convcnnonai casing 
shoe and float coilar. This casing joLit shown on FIG. 1 
includes cu*o eLhpucai windows (1) machined ai the dcsirrd 
Jdck-Ou' angle, typicaiiy about 2 degrees oneutcd doa^iward 

i5 frotn the verticai. 

Tncsc wifldows are plugged up with a drUiablc matcnai 
(aj3 Aiumisum piate (2). tor insance) inachincd a conform 
with the c>'Jindricai sunaces of the casing. A twin whipstoc< 
P), of hardened metal, is securely fastened to the casing 

50 jouu, for instance by welding. I; provides a curved guiding 
path from a guide plate above to each of the two plugged 
windows. For added strength, a pordon of that curved guide 
may be parJy lillcd with cement (4) or other dnllable 
materia]. The gu:d; pla:s (5). on top of the whipsiocJc, 

55 presents four vertical cyiindrical holes, two of them {S) of a 
diameter larger than that of the drainhoies and two of them 
smaller. One of L-e smaller holes (7) in ±c guide piate (5) 
:3 threaded and esiends to the whipstodc base» to provide a 
ilow pam to the noa: coUar and shoe below il During 

50 cemendng opcrauons, me wor.k strmg will be stabbed into 
mc threaded connecuon to injea the cement slurry into the 
floa: collar ard shoe and from there iiuo the annular space 
'oz'zhxd the casing. The oiher sn:2il cyiindrical hole has a 
smooth bom. its funchon is to receive one of the alignment 

65 mns (8) used to positicms and latch arenievabie whipstodc 
top wiuch provides a continuauon of the guiding oa± nnm 
one of tne two larg: holes to me casing side. The comfai- 
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zi'joz o:' ins perTza::;^: wh:os:cck w/j: ::s r?r'.e%ao;e 
top TTOvicss a g^uds lo '^t ciraiiinol: irJling b;: ■Jiroug.': me 
c:2ch:r.s<i vrindow. A perspeccv^ v\-w of rs^Lnevaole top 
whipstock showing as ta'o aligrnnent pbs (.8) is presencid 
c:: FIG. 1^ $ 

NVhsn i":e nrst crainhole has beer, drilsd :o 1:3 :otal 
nieasurcd dspci, ±e sarae wbpscoclc (cop and bonom par-s) 
g:uide3 mc liner m:o :he drairiole. The liner. La cha hon- 
zocLil part, niay be a slonsd liner equipped with scricn^ for 
OTvci pacicng or ic may be cemeated and later seiecuvely 
perforated, b aJl cases, however, ±e curved par. of iie Liner 
IS cemented using known :3TOC£diires. Tne taji tzd of -jie 
liner is centered and huag into the open large vemcal hole 
in the boc:om whipstocic (FIG. lb), by means of a iaown 
hydraulicaiiy-sct hanger [9) equipped dual se'j of slips ^ ^ 
and pre5sure-semng seals. Ic is cem±ia:rd by uhe female par. 
of a polished bore receptacle (10). which cotmects the liner 
to ±c work STing used to om-tn and cement the liner. V^'ben 
me cement has set. the woric string is disconnected, a recess 
:n the top whipstock is laxhed into hooics in an overshot 
tool, pulled up and rotated by ISO degrees for presentanoa 
and mscmon of Lhe two alignment pins (or prongs) respec- 
*avely into each alternate snuil hole in the pcnnanent 
whpstock. The overshot tool is then released and pulled out. 

Drllbng of the cement and plug in the second window 
now begins the drlUmg and liner cementing operations for 
'jc second drainholc, using the same procedures. "Wi'ii the 
liner hung and sealed in ±e second large verical hole in the 
permanent whipstocic, the worlc string is disconnected from 
the second pousned bore receptacle. The top whipstocic is 
latched with an overshot tool and pulled out of the * ell. This 
completes the drcunhoies driiling and tie-m opcranons. 

Coraplcdon of Lhe wcU (sec FIG. Ic) is achieved by 
maicing up and mnning-in a tubing stnng consisting of dual 
mbing prongs (H) equipped with chevron seals (12) and 
connected to ±e lower ends of an inverted Y mppie jomt 
(13), The chevron seals consnoitc the male mating parts ot 
Lhe two polished bore receptacles (10) previously mstaiied. 
The upper branch of ±e inverted Y nipple joint (13) is ^ 
connected to a conventional tubing hanger (14) which may 
be set hydrnuiicaily or by w-irclinc. The tubing stnng (15) is 
oriented so as to stab the tubing prongs into the female parts 
of the two polished bore receptacles. After leak-tesnng of Lhe 
sealed connccdons, the cubing hanger is sec and *iie wellhead 
IS nipplcd up using conventional equipment and procedures. 

If the well is not naniraUy flowing, ardficial lift equipment 
may also be included in Lhe tubing stnng, such as gas lift 
valves, divener valves, a pump seat nipple, etc. . . in the 
_ manner which is familiar to those skilled in the an of oil well 50 
"completiOQ. 

CASE 2 (TWIN' DEVL-MED HOLES) 

En Case 2, from a vcnical cased well drilled and cemented 55 
by convcadonal techniques, the casing shoe is drLlled out 
and two short (ca. 50 ft long) smaller diameter twin deviated 
holes are drilled through the bottom of the vertical well. This 
uses, for instance, a bit (16) dnven by a downhole motor 
(17) connected to a bent sub (18)» :n the t>-pe of downhole ^ 
assembly cominonly used for drilling horizontal wells (see 
HO. 2). 

With deviadon angles of only a few degrees from the 
vertical, the separauon between the two holes is only of a 
few feet at the bonom and of a few inches at the top. 65 
Consequently, it may be advantageous in some fonnaiions, 
to start the driiling operanon by nrst under-reaming a single 
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' 2i%z-ziir.t:c: sior. r.cle zc:^^ l-;; zzs'jzi sr.ce, fror. ^^z-zz 

a::d xiy re usee :o achieve dt sozic :ssllc. 

Two scor. (ca. 60 f. locg) izirncecia:; l-.m (19). (20) zsz 
™ 12 ir.c i^aitc ozc ii: each of *-hi devia:^ zoies. i~; 
C2r::^:i."g oc<:r:u:2on uses r-ran or och^r lsno'=<"n hci^-hani- 
;r.rd rtsLr.''cr-;-: siumcs as sczl. I: r^y be rer:orc:cd u: i 
singi; b> "aieng-u? and run.iu:g-i:i =r.d of l-.c 

worx snr:? an ossa^ibly mciudizg. 25 sho«.n u: FIG. 1::. 

n iavcrttd Y oiDicg zipole (13). 

TAG srr.cricii sial ariculaicd 'an:oa jCJi'-s (21), occ i: 
;ach =nd of uii p*-o bmr.chss of ±c icv^-t=d Y ruopls, 

:wo liz:rr rtiiasiag tools (22) cq^^pped a pipe. 
OQC for cac2 icirrniidiaic li::cr sru:g. Each '^pipc (23) i5 
^rs\ a cup-^ype packer (24), which closi^s acruiir 
spacs be: wet n iiasr and Liiipipc durmg c^zlzz: Lnjccaon and 
isplac^msn: bcrund unc hncr, but opcni d-jnng Liz rtv=rse 
c-.rc-jiadoa cf mud. for cleaning anrr cnc linr^ havs bem 
rrltasid frooi *Jirir respective iacchmg ;ool. Tc; ceCTcn±:g 
sn^.ng win :wo ca:ip:pe5 is 'jtn piiilcd oui 

FIG 2b saows m dcoil lis spring-loaded spherical sea: 
ar^cuiaiid join: (21). 

Ann: -JUS cicacnnng opcrai:on, ±c ver^cal casing i3 :hus 
u=d-n: azid scaled :o each inxennedlaii Un=r over an overlap 
:n:rr^ai of abou: 10 n. £nC7 to one of the i:ncrs is closed by 
a trniporary plug by wireline aad dr.Uing of a drainhole 
proceeds ertjugh the oiher interzitdiair liner, using a bi: 
driven by a convendocai downhoie mocor and ocnt sub 

Atjt reaching tocal measured dcpLX a srrjiilcr dameter 
Ir.cr is r^n-in, hung mio ir.z lower pan of ±e interzicdia:; 
liner and cexenied ac least troin tht inicrmcdiatc hner to the 
sor. of the bodzontai segTUccc of 'J^c drainhoie. An aitrmaie 
ncL^cd is :o use a coiled rubing as drill str^g and to abandoa 
tnc b:: and motor in \hc hole, pnor to cenicnung it as a Uncr. 
Gravel Tjacidng and/or sand ccnioiidason techniques xzzy be 
used "rile lower part of the liner may be sloned and ex^uippcd 
w-th screer^. OJier^lsc. this pan of the liner rrjiy be 
cemented and seiecuvely pcrforaied using cr.own perforat- 
ing guns. 

In view of '^ne n:iativciy small diameter of ±c liner 
(t>7ically less than 2J in.), a uin-gauged coded tubing is 
preferred as iiner. 

The annular space behind the Uncr may be gravel packed 
f.rst by disolacemeat of a sand slurry, in direct diculazion. 
foUow-d by a reverse mrcalaiioa of the sand slurry. After 
; the upper oart of the coiled cubing Liner, its lower 
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pan is mechar.:cally sioacd by running through it, on 



snoailer diameter coiled cubing, a hydrauiically 
punching tool in which multiple aniculatcd edge<ucting 
wheels (25) or punches an: pcnodicaiiy pressed against ^le 
inner sunace or the hner :o punch slots bK> tnc coiled cubing 
liner, mus opcring flow paths to the gravel packed amuius. 
FIG. 2c shows a schematic view of Lhc hydraulic punching 
tool. Sand consolidauoa by injection of a suitable thenno- 
scnng resin as a mist in a hot gas or steam or as a suspension 
or roam in a Ueuid may then be applied to the gravel pack 
and cross-hnied to subiiizc it, ^r^. minimum pcnncability 



After removal of the tem.porary plug m the second inter- 
medials liner, the same procedures are used :o drill, gravel 
pacx, cement, and selectively pcrforaie r.e second dram- 
hole, thus compienng all drOling and tie-in opcrasocs for 



/ 

WeJ comrie^sion :s iczizvzd b> — z^<s-up. nin-irt azc ss; of 
Lie procuc'jo:: r-bu:g scnr.g ass£z:r:v. shou-p. or. FIG. 2d I: 
consis'^ of a ?^3:r.g conzcci^d :c* 

I c or. vsntior.ai hanger (U), an Evened Y ripple jou:: ( 13) ^ 
v-"ith eacn o: :15 :wo lower benches equipped 'aiuI a spcen- 
czl seal ■-Liion jOLc: (21) and a comector rube (26) emipped, 
near m snd, vr-iih a coavendoaai packer (27) of Lbe t^-pe 
wMich car. be sec hvdraiihcaJiv or bv wire 1:2 e. 

i.ie a:b:r.g is onsntcd so tha: *iie rail end of each 
corj:ec:or n:be pecerates into Uie upper par. of or.e of ibe 
cernented ir.Eerrr.ediate beers wtide rotaung siigbdy aroocd 
iht articuianon formed by its uzioa joinL A spreader spnag. 
(2S) linked :o the upper par. of each arncdaied tube faciii- , ^ 
Li:es iis insemon bco the corresponding drainhole liner. 

Each of T.e pac-cers is ihea set, to ue-in each ardcuiated 
connector nibe :o its corresponding mtermediaie liner. After 
leak- testing, Lhe uibing hanger is then set and die well head 
nip pied up. Agaic, suitable known ardncial lift equipment 20 
components may have been included m the cubing snng. if 
:t is expected *-hat the well will no: be flov^mg ai an economic 
rate without gas-lin or pumping. 

CASE 3 (DEVIATED CASED WELL) Z5 

In Case 3, a vemcal weU is diiUed, with i3 lower 50 ft 
deviated at the angle rsquircd to kick-of a hor.zontai 
drainhoie and on en ted in the direction selected for *dic 
drainholes. .A special casing scnng is made-up, run-in and 
cemented by known techniques into the vemcal and deM- 
aied portions of ±c hole. It cohsi'lS of a shoe, a float collar 
and a special casing joint (FIG, 3} located at a depth slighdy 
above thar of ±e start of the hole deviation. This casing joint 
presents an cllipucal window machined into the casing with 
a downward orientation of a few degrees from the vertical. 
Tne window (1) is again plugged oiF with a driliable plate (2) 
made, for instance, of a soft metal and shaped to generally 
conform with the casing surfaces. The plug is armiy 
anached to the casing by means of driliable fasteners (29). ^ 
Its orientadon is also indicated by a vertical driliable key or 
groove (30) in the casing joint inner sunace at or near its 
lower end. 

After displacing the cement slurry behind Lhc casing, ihe 
scnng is rotated to onent the plugged window in the direc- 45 
tion opposite to that of the deviated pordon of the hole. Tnis 
is done by marking the window direction on all the uphole 
joints of the casing, up 10 the rig floor. After the cement has 
set, a whipstock driliable packer (31) is run-in and set below 
the special casing joint at a predetermined depth. A retriev- 
able whipstock (32) is then oriented towards the plugged 
window, using the casing joint's onentadon key or groove, 
fitted in a matching groove or key in the whipstock' 3 outer 
cylindrical surface. The oriented whipstock presents a 
ciffved guiding surface which matches the depth, width and 55 
onentaaon of the window, so that a side-tracked hole (33) of 
diameter smaller than the casing ED may be kicked-oS" by 
drilling the window plug. The hollowed curve of the whip- 
stock also presents a central alignment groove (34) corre- 
sponding to the lowest pom: of "iie ellipdcal window (1). 
The base of the whipstock is preferably equipped with a 
rubber cup for catching excess cement during laier opcra- 
uons. 

After drilling out the plug and drilling a side-tracked hole 
through the window, to a depth of about 60 ft, an interme- 65 
diatc liner is run-in Lhrough the window and cemented by 
known techniques. Tne upper end of the liner has been 



s 

-zzr^tz IS sr.o-- cr. "G 3c so li '.3 zo?Jzr~. ---- 
of s.t —rcow :i) ::i ccgi .$ ec'ii-CiC 
zz i-p-iz2l coL:^- 'Sf) z: zrZzzlz -ciz:, 

ccrj:rzi3 wvs. ±t ur-.s: sur'ic;: of casing '-^i-- 

2 -bbs: gaiks: oc piis^: sea-:::g 3:2:::r.d (5d) zr.z 
iawes: par. of ±t cciiar prc5cn:s a key (37) unicz -niches 

s:cc:<, so -u-r. iT.t {r::r=2di3t= iiz;: tnc niiy be cr.t?.:tc r:d 

'.a g-dcG :o prav^de z closely r.nmg celiac: bc.weca t±:; 
w-Jiabic e!iip'-C2i collar and ±t Z2s:z% '^-zdoWs edge, i 
•j::cnz=d:a:e Imer :s tq'^pced v.-; it a ce— entir.g shoe ar.d 
'a:cced to a lir.er releasing cooi ec'^ppcd v.-ui a 'jll.t.'pz and 
a CL^r/oe packer for csn:sn2cg — e same tec.iaique as m 

15 Ca^e 2. !^^"cr dispiicc-enc o: 'Jie zt-cz: slirr/ xz:nd ue 
Licsr. a ball or pi'jg is dropped co close 's.c shoe and ending 
-ud press'jre is L2cr:ased to drrcdy apply ne dnUabli collar 
agaiast ±i inner sur'ane of :h£ casing, wh^c reverse circj- 
ianoc is es:2biisncd mrough 'die i2::p:pc to recove any 

:o e.-'^cess cezic^l 

AJ'jzt the cement das sec and ±e ceniendng snng bas ■ocen 
--ailed oci, die outer saw-iooih grooves (38) of ir.c v».h:p- 
siock are laicbed in:o an oversact tool equipped '^iic a 
milling edge to drdl out Lhe eibpt:cai coUar (35) and Lhe 

^ ^'Zioiiocx li pdlid ouL The suppcr::rg wh^psrccx packer 
(31) IS also driied out and pulled out v-iin -he overshoe 
nuiiing :ooL which also is cc-pped at iis lower end v.i'di a 
suitable padccr-laicning device. Tacse operaaocs leave full 
openings m boLh Lhe devia'^ casing and the side -racked 

5^ L-u^rmediaie liner. Both of *dien: Trovidc a rdanvely large 
dev^'-ed casing and a siighdy smaiirr bner to be used a5 the 
respective s'^-jng points of two dminholes. in the S2:n:e way 
12 Case 2, but tne dr^ctoic diameters and in2: of uieir 
respccGvc liners may be greatnr d*m ±ai of Cases 1 or 2. 

Uner gr^vd paddng, cementadon and liner hanging 
:espccdv:iy in the devutcd casuig and the side-r^cked 
miermedate liner nay be dons e:dier as in Case i or as m 
Case 2, dencnding upon the dramholc ci amtter. 

Wdl comuledoa is cone as in Case 2. except diat the ne-in 
c: the amcuJated connector mbes may be obtained ei'-her 
»A-;Lh packers, as m Case 2 or with poLsr.sd bore receptncies. 
and seals as in Case 1. 



-3 CAS£ 4 (STACKED DR.AINHOLES) 

In Case 4 the drainhoics are sucked, one above Lhc other, 
so that tni full diaz:r*^r of ±c casing is avaiiablc as a 
s-Jirdng point for each dxainhole, Herr again, a special 

5Q casing joint (or join'^) now prcsendng two cliipccal win- 
dows at two diSsrtnt depths and oriented with opposite 
bearings, is included in the casing strj:g during make-up to 
nrovide the stardng points of the dramholes. 
b a nnt embodimcn: (HG, 4), Lhe dnilable plugs closing 

5i the windows dunng run-in are located a: ihs ends of tele- 
sconic Hner stnbs (39) orienicd downward at the kick-Ou 
angle (typically 2 degrees). Each plugged snib is later 
hvd.-aulicaiiy extended into an under- reamed pordori (40) of 
'd:e verdcai hole nllcd wi*di cement slurrr' dunng thj: casing 

60 cemcntadon, to serve as g'uidc tor a bit dnven by a dowmhole 
motor connected :o a bent sub in a conv-niiocai drilling 
assembly. Each of these two soibs is supported during run-in 
and guided duiicg its outwards e;ttensioa by two tubular 
guides or cages made of drill able metal. One of uen; (4i) is 

5i nxed, it is anached to the casing by drdlabie metai fasteners. 
Tse other (42) is mobUeand slides w-tmn rie died cage (41) 
over only half of the stub extension, wrule providing a 
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C3nulive:rcci ihlmg im^.zi supcor. :o 's.t ex:e::dsc: 
Tac upper end of *j:e sruo is M^iiaied a drJ: acie coLir 
(35) and g2S.<e: (37] ai :n Case 3. 

For 7 in. OD hn^r sxbs ai a 2 degree ar.gle ixi a 9 Vi 'j-;. 00 
casing the cUipucai casing window wouid '^e 20O.5 ir. 3v 7 5 
m. For a 30 ID reaised cavicy, tha :oal srjb ex*«cs;cn 
iengtr. is aoou: 2S6 6 n. and :is saib aa,Tin:urn Itz^Jz is 
about 4S7 2 in. Tnis is because both eads of ehe sn:b arr 
machined :o confcnn v^iih 'jc eliipccal wir.dow, [eaving m 
the middle a iength o: abou: S6 lh. of tubular scgmcnL Tn:3 .q 
length :5 sumden: to provide tie-in both wim ±z cemented 
dramhoie Une: and also ^ith a connecter a; be links d to 'jlz 
tubing. Vr'iLh the vcrdcai casing and extended smbs 
cemented, drJiing of the extension guides and o±er incer- 
nals leaves r%w'o 7 Ln. OD srjbs as pockets trom which to iian ^ ^ 
drilling the draanholes, usmg the usual beet sub and dovt-n- 
hole motor assembly including the navigaiion system for 
angle build up and directional conool. The visit step ;s to 
drill out the sn:b"s end plug. After reaching total mearuned 
depth, a liner assembly is made-up and run-in through ±e 
stub. Gravel p2£xing and cementing of the upcwle liner 
proceed as in Case L The upper end of the liner is centered 
and h'jng into the lower pan of Uie stub. It is also cexnuna'-ed 
by the female par: of a pohshed bore receptacle. The *ork 
strmg is disconnected from &lc polished bore receptacle and ^ 
pulled ouL The same opcniiions are repealed for the second 
drainhole, leaving uic wcU ready for rabing cocrplenon. 

The rubing completion assembly, shown on FIG. 4^ again 
includes a nibing hanger (14), an mvcned Y mppie jom: 
(13), two sphcricaJ seal union joints (21). each '.emunaied by 30 
a connector mbc snngcr equipped with chevron seals (12). 
A bow s^nng (28) between the two stingers facilitates uheir 
entry into iht stubs where they arc mated with their respec- 
tive polished bore receptacle (10). After leak testing of ihe 
connections, the tubing banger is set and the well bead 35 
nipplcd up. as in C2ase 3. The bow spring may be compressed 
during mn-in and released by 3 suitable >nreline tool when 
reaching the proper insertion depth for the coruiector tubes. 
This provision is espcdally useful when simultaneously 
connect: g more Lhan two connector tubes. In another 40 
cmbodimctu, snown on FIG. 4b, connccaon of the tubing 'jo 
the drainholes is by means of telescopic conneaor tubes 

(43) , These are located in cylindrical cavities (44), con- 
nected to the two vertical lower branches of the inverted Y 
nipple joint (13) ai tiie idck-off angle. The lower end of each 45 
connecU)r mbc (43) is equipped with chevron seals (12), 
supplemented in some cases by an end to end spfacricai 
metai/metai seal (45). A spring (47) triggered from the 
sunace by hydraulic or wirdine means strongly applies the 
extended connector tube's spherical end against a corre- 5Q 
spending spherical cavity forming ihe bonom of the pol- 
ished bore receptacle (10) to provide this metal/metal seal. 

In FIG. 4c, the connector mbc is locked into i;s extended 
position, but may be retracted inside the cylinder body by 
shearing off the latch pins (4^ with a wireiine tool as shown 55 
in FIG. 4<i wben it is necessary to disconnect and pull out 
the tubing for a well work-over. The upper end of the body 

(44) is equipped with dogs which bite into the inner sunace 
of the casing when the telescopic connector tube is iuUy 
extended and pressed against the bottom of Lhe polished bore 50 
receptacle. It wiH be apparent to those skilled in the an thai 
this is only one of many possible ways of achie%ing both a 
spring- loaded mctai/metal seal and anchoring in the 
extended position of the telescopic mbc while providing 
means for its eventual retractaon and puU oul The invention 5^5 
is not limited to the example described herein. 

Ln yet another embodiment, the casing mdudes two 
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5T;c:a: jC-'-i o: r-T^ -ssd :c Cue 3. '.oczicc zzt 3X)'i 
'-^e cizi:. ^izzTL'j^ z/ 2:1 jr.j^r''2l s^c^ir.: :'or i5:::r.g 1 
r2cs-r ma 'Jit :>'o ;,i;ggi- -"cc*i or.;r.:ec \z oczor's 

5 '.5 5s: criiow 0=5 or ^izco^s. Tzz rcr-.svaric w.t:ps:jc< 
;i U:c:iec -:o picx^ a::i dnLi-g of ir.i ^.indow r:d 
5ide-r3cx::d boie -rocicdi A szcr. -:cnrec:a:c lbs:, ai - 
Case 3, ii r™":-ic ±n;'jgh ±; w-^dow and ccr::-:sd Tzt 
proced'^-r, rtcc^:^ fj? boL^ ^izdo^'i, l=avss :wo s:di- 

iO -ickzd ^iiirrTnecjaa iizcrs f:3:n *h;ch ±±r±Qids 2rt 
ciiiid. a::d lzcit ii^rrs rt r^zg ard ccncnicd. .-ia^is: drJiizg 
C'^: r.; drdiab!; sLi.pccai cellar of t^cr, c^rntc:£d i^zizrizt' 
d:a:e ii^cr, 'jie cn*jre casicg s:;^::; :3 avaiiarie for u:s'jiiii::g 
r.c robing co~pls::on a5se:r-Diy. 

stacxed dnaLniolis also ailow (o dnU, gravci-paci, a^d tie-LT. 
any CL:z:bcr of d-a;zjio!;s, ecu:ppc<l ^^rji csccncid hnc3. 
oas a'DOvj oLiiT, by usiag a3 i=any sz^bs or iairnnsdiaii 
hccn a3 ibsr; art drainhoks. 

The cocnningitd produc:icr. rrom all drainholis ziay be 
d:sc.-:arg:d hu: an oii sump fcrnicd by tnc casizg below a 
prociictioa packer a.id pirrpcd co uie surface trough a 
sbgie producnoa rjbing. Tac puxp locanon ihs rjbr.g 
niay be above :b- paiaisr. or bciow it in a tailpipe rbizg 
~^ iiiicsiotL ^iih such a sinpls tubing cozio'-z—oa aiscjzbty, 
access into taca of lac dranbolca of ioggicg err d=2a:ng 
:ools 15 obtairsd by nrnrs 0: a suiiabis bdc-ovc tool of 
jC30ia,Ti design, 

,^ ■ The tubing cor^plccon assembly may a^so be ib.z sanac as 
Ln Cases 2 and 3, when provrdi a condnuous pa'-h roir. ±^ 
surface 10 each of :wo cramhoics. a^d greater opera- 
tioiul dexibilicy. 

Tnc c>7cs of rjoing ccmpienon asseoibUes induding 
15 teiesccpic connec:or ojbcs or a.-uajLia:ed cooaeaof cubes, 
dcscn'scd above for rwo stacked draiahoies. are aiso appli- 
cable to zxrrz than t^o sunxed draixboies. If the drainiioles 
are grouped by pairs. con;icc:ed ;o a single pnxuc:icn 
a:bing. inc cumber o: camlJel tubes in 'Jic casing a: any 
iO depui 15 reduced :o oriy ihree. as shown on FIG. 4<f. These 

izc two rjoings connect to :ne lo^tr onncnes of L'te 
mver.ed Y nipple jomt (13), for a given pair of drzizholes, 

Lie procucnon oibing ts:ension (48) icacing to ubc Ouhcr 
*5 drainiiolc pairs below the first one. 

This nusibcr My be increased co fnur the hydrzuiic or 
jet pump is locared below the top pair of driniioles and if 
Lhe wbing canTing the power fluid to the pump is paraiicl 
w:th the production r^ibing. but the number of possible 
sacked drainhoies, which is only UmJted by the caisisg: 
length, may be m^-ih greater. 

CASH 5 (.AJmrlCLAL UFT) 

5S In ail TDsviQiis cases, it was assiimcd that reservoir 
pressure and produced gas expansion are su^cient :o con- 
vey the uroducGoa sieam to the surface, or a: ieasi up the 
curved portion of each drainhole (up to 500 n high) without 
excessive reduction of ie total pressure craw dow^i, so that 

£0 a single artincial iif: system providing sucnon at the base of 
the productioQ tubing can be used for boih drainhoies. This 
may be a cocvenhonal gas-lift valve supplied wiih com- 
pressed gas through ±e casing/tubing ar^*uius. Conversely, 
Lne producson stream may be conveyed to u:e surface 

6S through rfic anauius while lift gas is supphcd through the 
tubing. In that event, a packer rmist be added *-o the rubing 
hanger, a di verier valve must be included m me rubing above 
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;r.e p-cker :o cor.vey 's.t proCLicuor, i:rean :o -~e icnul-s 
and 2 plug r.u5: be icc:i:s:i 12 :2s robing cer^een -Jne ccer. 
cuver.er and \zt zo"on\ gii-l:n 

cn:n2oie3 r.ay pur.pcd :o ±t surface rj^ugh 's.z a:b:r.g 
or '-hro'Jgh :be anr-'-iius -^S'Jig Icto^ti (ypes oc pumps. T::es5 
cia be .T^ec.ianicaiiy iz'MZitd by judging rods, by rot££i2g 
rods (prcgrtssive zzws punps) or ihey cir. 'oc acrjated 
hydrauUcaliy Je: pu:r,ps may also be used as weti as 
eisctncaily driven subT.ersibie pumps. ?u— p selecaon cn- 
:ena ma :he imponance of an opumum depLi of 's.z pun:p 
in the V. ell are well 'cr.own trorr. Lnose skilled :a *Lhe an, Tne 
pump may be anchored erxcr in the mbmg or m the anniiius, 
depending 'jpon reservoir and weii condiaoni, indudLCg 'siz 
need :o handle gas or sand produchon. '^^ 

It is one of Lhe rrjim advaniages of connecting rwo 0: 
more draznholes to a suigle veracal well ;o allow -.he 
possibi;W of using a single pump (49) as m FIG. 5a for a!i 
L^e drairJioies. ltjs reducing capicil and operaung cos3 of 
pump-ng Lhe production stream. 

Ii be shov.n later Cnat rhis possibility :s, however, 
limited m the case of sorac under-pressured rcscr^'oirs. Weil 
compieuoa equiptnen: and novel assembly nrocedures ha^e 
been deveiap<:d to extend the pos3jbiii-7 of usmg a single 
purap by locatuig it, as in FiQ Sb, below the drainholes 
!Cck-o? pones. Filially, speaal ccuipnent and meuiods are 
descnbed for the installation and use of a pump in each 
drainiiole, if necessary, as :n FIG. 5c. 

Tzcsc consideraijons on artincial lift are equally app'J- 30 
cable :o new wells and to the re-entry into an existing casng. 
to vsrucai as well as lo devnated cased wcUs. 

CASE 6 (FLOW THROUGH A SY?HOS) 

35 

In under- pressured rescrvotrs containing low GOR oC 
reservoir energy may be msu^dcnc to convey the produc- 
tion stream up to a pump or gas Hf: valve located above 'J^e 
!cci«in points of the drainholes. The dif crence :n elevanon 
between such a pump and the fluids entry points in uhe 
borizontaJ par. of the drainholes is greater ian the drain- 
hoi es radius of curvature, which may be up to 500 ft. Ln 
addition, there are stgnancan: hhction pressure drops through 
uhe horizontal and curved pordons of smail-diamcter liners, 
which n:ay reduce the caicuiared net flow*ing rluid head a: ^5 
the pump (49) inJet to a value below uhc required minirnum 
NTSH of the pump, Tnis indicates that cavitation is likely to 
occur in the pump» with highly detrimental erosion enects 
and a reduced llowrate. To aileviate this problem, 2ow crom 
: each drainhoic may be directed 10 an oil sump (50), with the 50 
pump taking suction at or near the bonom of the sump. The 
top of the sump is closed by a packer (51) a short distance 
above the highest icck-off poinL It consticutcs the apex o: a 
kind of syphon (see FIG. 6) for each drainhole. For very low 
GOR oil, frequently present in under-pressured manirc res- 35 
ervoirs, the Sowing pressure at that point may soil be well 
above the bubble point of ±e production stream, so that ihc 
nsJc of ca\-itanon and break-up of the de-ceierating liquid 
stream at that point is much less than it would be m a pump 
at the same locaaon. The f.owing pressure at the apex, plus 
the liquid head in the sump, provide a pump sucuon pressure 
exceeding the minimum N?SH required, thus eiiminadng 
the risic of cavitation m the boaom pump. 

Instead of a pump, an intermiuent Sow gas lift system 
may also be used for the same purpose. In this Jcaown 65 
system, a gas piston Ufrs an oU slug up the mbing after the 
standing vaive at the bonom has closed. Tnis is equivalent 
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D 1 r_. ~z:t a'enr.: sire rrcccrc- 

2.-:: ::Lsed .tr^zil]. 'o^si: cc<-Df roir.:. 1:: 

5 Cliii I ::::: -i. 122: r-2> 'zt 7rz^:tz bv c 2ci2g 'sit 

i-t-zi ciiicg ,CL-: v.e : 2bo-.; l-.; ca^icg shoe " 

;:ev~CLS.v 0-: FTG I s -cdifed 2i roLiows 

1) 72i •-t2ZiZ s"^: bole ,7) s.z bozz- v-s. 

2iiC r.rs: :d 'rrrg -..-^e cerr.ir: 5!-rr/ :a :r.e 52a cu"? 
:2i-g cer.er.:2no2 Tzt cc::on par. of ine -jliI pipe iiio 
-2iuc23 2 z'znj '.2zzz:z% zi^pIe^O'r.L 
Tee Lveadec scjC 20'e :i 2JS0 e.t:e2c:ec acove '?*\-s\ \zt 

^ :i:T.2:t zzr. 0: 2 roLisbec: bore r:c;pLi:ic co :2:2r rtcri'.e : 
rjDuig 5C:i:ger ;c'2:rpec '>^-L2 C2=vto3 5iais. so ex:i-d 
-.c liilp'.pc 2p'-;:ri5 37 2 p'oc;:2t:cn ziou:^ irc-gh 2 
5;ai:::g cor-2ecao:: 

J Z) Tzt szico:^ bore secocd s-ii hoie is crJled czto^jh.-: 
'-t ccno^} w.-2Ds:cc!<, ;o pro'-.de 2 fow p2i?. for Lie ~> 
c-ced n2:c3 :r.:3 L^e olI r-iz:p beiow n [: T.ay be sup-le- 
r.enrec w-- cr.er sruli boles :o TTOv-de 2 su^riecLy ;2,-^e 
cross s^:;or. f:rr L-e low veicari '.quid dow Loe cov.-- 
vfc2r: leg 0: L:e s;oh.C2. 

The pous-ec ocre recepucies lerrrjaaang '^c csc:ez:ed 
r:iin.bo{e liriers z::2y ominei large scrjcai hoiea 
rrov-ci-g 2 22r-r-: ^-^.ce for 'jiscrtLzg loggiiig or deor-izg 
cocii i:::o Lie '^zcn 

L-i addi^co. Lbe rj^icgcorrpie^ocaisembly li c:G<ii2cd :o 
coc.5:5: 0:*: 

2) a production cubu-ig. 

b) 2 du2i srj:g przt'zzzoz picxer, wi'ii a rtr-.cvaoie p.ug 
:n shon sr.r.g. The rr.zir. purpose of' i-:^: SLiag is ;o 
pro'.-.de evenrjai orce^s :o the sur:p :or inserirg [agg:::g or 
clearurg looii -:o *j:c dr^inholes bciow dve packer, A 
seccr.dary pur:3ose or z-'-z snort sr^ng is :o prov.ce 1 pu-p 
oy-pass dow par. wruc' ruy be ocnocicaliy ope=cd *:o ie: 
ary gas ai:=::r::u:ai:oo otiow ziz paccer escape upwanis oy 
:23yarxy, v,r:::e re-nliirg l-:c sur.p wim de-gassed l:cu:d 
irom above L-.e oacxer :o zizu-iziz eooaauity 0: -.he liquid 
sr^ea.Ti Lvoug?. Lne sypcon, Pcnocc gas purg:cg oprruaoni 
xay be 10:^2:: =iily ccsCTiied from ubc surt'ace." ror 
purpose, L-.e rerievabie oiug in ube shor: sluing is in :ac: 2 
conver.LiocaJ ^zrzkzt r^rievable rjbsurfacc sajer;/ \*zive 
(fiG. 6cl ir. a nc::::aiiy closed posiaon but op<rited by 
leiown hydraiJic cr elecricii aeans whcr.cv-r the preser.ce 
of a sziall gas csp :s delected bciow the pacjcer. Dccccaoa 
T.cans ciay be durec:. uiu:g knov-in liquid levci sensors or 
ir.dirrc:, by co::dnuoas noriiorjig of the cu=p ccdency. 
Ccr.dzuous gas pur^u:g x^y oa:cTv,-:se be obt2iatd by using 
3 v.'irriire piug inci-jcizg a pcrniseiecave nea:b.-2ne (52), 
which allows con^nuous diffjsional gas rrugrtiaon upwards, 
urder 2 gas pressure gracicr.: across the rr.ezibra::^. creaied 
by 2 re:nivabie vcr.rur: (53), located at the exit of the 
arocucuon tubing unio tne large: cross sccdon 0: ±z czsir^i 
ar-Tular spare, "-.e mentbnnc also pr^vects liquid dow 
d0'A-wan:s (see FIG. 6b). ir. ±is systec:. the cccrgy sup- 
plied -JD «c pur.p scr\'ei tzrec purposes: 

1) to bnng the gas-:rei liquid sream from tnc purrp lo 2 
point ZDQvc 's\c zzzkz:, and 

2) CO operate a son of gas ejector pump to re-zii.x Lhe 
produced gas v,zC-\ the iiquid sream in the casing/tubing 
annuius, aoove tnc packer. 

3) to uft the rjscd liquid and gas stream up the casing/ 
moing annuius .0 u:e separator. 
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S -liable r^rrzsil^c-v* plug 2u:enais irxiucs. bu: ist cc*. 
['sziitd :o cnarcoai. aggiomcratrd carbon blacx, coc- 
prssssd po^^dersd m:r.sr2l acsooents. asbestos fil:, etc. 

Tee 'Ong s'Jir.g, in chc dual scrjig pacxsr. exciads be-ovi- 
±s pai:ker a sdr.ger equipped vir-ith chevron seals which 
13 5 cabbed iz:o Lie pobshcd bore receptacle threaded Ln:o iie 
:op or r.s small hole (7) of the modified aovei casing joint, 
uhus providing a connectioa from the productioQ a:bing 
the tailpipe, in which a pump is set. 

A rod sr^ng or a pov^er tJuid robing saing is then inserted 
from the surface v»iihin the production tubing and connected 
:o the pan:p. 

In mis conngurar:on, the 5ow from both drxnholes is 
discharged into the sump below the packer and flows down- , ^ 
wards 'trough one or several holes in '^he whips toe k, io 
reach the pump inlet a: the bouom of Lhc tailpipe, to be 
discharged, at a higher pressure, mco the production cubmg 
and from i: to the casing annuius leading to the surface. 

In cases where the cased well effluent Sows into a very 
low pressure separator, the packer may be omitted if the 
production rubing extends to the surface, so thai any gas 
coming out of soiudon a: me apex of the syphon i'eeiy 
accumulaies m the casing/tubing annuius, forming a low 
pressure gas cap extending up to the casing head. Gas 25 
purging of tne casing to maintain the gas cap at the required 
low pressure is then accomplished ihiough a convcntionai 
gas rc-raixmg valve at the surface, upstream of Lhe low 
pressure separator inieL 

In the connguration of Case 2. after drilling and de-in 0: 30 
the rwia crainholes, a third hole is drilled vertically and its 
Imer is cemented to provide the oil sump. Tnc oibing 
completion assembly now consists only of a prxxiuoion 
cubing, a dual string packer with its short string agam closed 
with a rccievablc gas-purging plug and the producdon 35 
rubing and pump extending below the packer for inscmon 
mto ±c sump. 

In the connguradon of Case 4, the casing now extends 
below die spedal joint (or joints) to form the oil sump. The 
nibing completion assembly is the same as abovs: a pn>- 
duction tubing, a dual string packer widi its short stnng 
temporariiv plugged off and the production mbing extending 
below the packer, with a bottom pump, 

CASE 7 (DUAL PUMPCS'G) ^5 

In low pressure reservoirs containing relauvely high GOR 
oil, the nsk of cavitadon at the apex of the syphon may be 
too great, so that the use of a syphon is no longer possible. 

some very heterogeneous reservoirs, it is also possible 50 
thai the producdncy indices of die two drainhoies are widely 
different. In Lhose cases, it is preferable to equip each 
drainhole vdth its own pump sized to maximize total oil 
prtxiucdoiL The same is true if one of Lhc diainholcs is raotr: 
prone to gas conmg or water coning than the odier. 55 

Progressive cavity pumps dnven by rotating rods and 
hydraulic or jet pum.ps driven by power t5uid operate sads- 
factonly in highly deviated wcUs. A pump anchor nipple 
join: is included in the liner string, at the sclcc*xd depth in 
the curved pordon of each drainhole. The producdon cubing 6a 
diameter must be increased to provide space mside 1: for the 
power fluid mbing strings or for the rotating rod sMgs. 
Another altemadvc is to insert the power fluid tubing or me 
rotating rod string into the drainhole liner through a side 
entry in each of the lower branches of the inverted Y inpple 65 
joinL In that case (see FIG. 7), a short conduit (54) leads 
from the mp of the mbmg hanger (or packer) to the side entry 
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CA5E 8 { -rXT? .-V.N'D ?ITF' MOJE OF 
0?ER_A7:0M 

dnir-ioiei - siC-sr/jai '*h--Lr i::d per ' szziir, irjecuor. 

'^dsr TTOCucac.-: For suni::C'gcccn:ici s:^-n. ±; prcvlu:- 

:ow.-z::ois (-"res-y-ay rtncvaale vajvc o: iz- ccscrfDed 
ci2ir:cd *J S ?2L No. 5.052,-82 is :tc;j:rrd 12 Z2Z2 
:ow;r rjbing bmch bciow invcnri Y rjpp!i lo'-n- Tzii 
-.3 cone iTIG S and by adding a vaive r^ppie jo-™: (55) 
n cizn brancii :3 conrol bydn::l:c ;:n; (56], s-_-:ipp<^: 
on iii 0-:^ surrac: oc L^.i insiiiar^d s'-cirr: 0:011:5 (57) b us 
2x:zl r^li 0'xrS:ii position. valvs convt>s 3:^2.-7. nrjrz iii 
rubmg [0 ±; ccrrrspondizg dnunhoic. In iis sidi opcimg 
por,::cc. '^c vivc d:sc:urgis be procuc::o2 strtini fror. 
b; dnbboli b:crir.:3 be ca^bg spac;:. Proa iirn;, 

r.c pTOCucsb 5'i:d rjiy be pur:pcd ;o s'jrracc or gai- 

Thc santc Will ::3m3ls::on rype is aiso aopiicabis 
rtirrvoirs subjiC'-id :o '*hu5 and pu?* -jijcction of solace: 
gases, T^c'z IS C02, wbicb 2rs )cno«.T: co also reduce oil 
viscosity, b-: :o a lesser de^rse baji steam injecuo?- b s-ch 
C15CS, 3x::r:c:al ib: 0: be procrxxcd fi;::ds z-jy be izznazcs- 
sary. 

L' be rescTr-OL- pressure asd/of produced GOR src su5- 
cicn: to br-T.g be od up :o be nzk-oS poic: 0:* =icb 
dra:z::o!:. b; pur::p is biing in b; azi^bus casi:3g/'s:ea.-n 
:ucbg. abov; be ccx-Ou 0012:5. 

[r. how, ever, be heavy oil reaer^'ovr is ilso ur.der-pres- 
sur:d. as, :'or u:sLnce :n Caiiioniia's Mid'j.-ay Sucse; 5eid. 
u:c purzp ciny be iocaied at be bonotr. 0: an oU si::r.p zs ui 
Cisc 6 or ic rr^ay be [oca'jrd *nb;r. cJich Gr:a;d30le Iber ai :r. 
Cisc 7 The tubbg cocipieaon ^r-Jl be zioiried accordbgiy, 
as will b< sbow^T. iaier. Tee rj-pc oi" pimp used in b-:: case 
must allow i2sy d:sconrec:ioa fron ::s scat, when ltc 
crsnnoi: is s*-ixbed fron be Tnxiuceon aodc :o tie 
injccuon mcxle. For bis reason, je: purr.ps. hydraulic pL:z:ps 
and pTDgrcssiv- cavity pimps are preferred in bac case. 

For ur»der- pressured heavy o:l reservoirs in wrch u-.e 
dn:choi£ production tows brougb a s>'phon (Case €), be 
njbing compicdoQ assenibly in which teiescapic or amcu- 
latcd corj2cc:or tubci arc used io co;i2cc: be s:ea:n oibbg 
to be drirboles, b; packer may be a b.rre or four srbg 
pacicer. depending upon be locadoa of be inv-ncd Y nippie 
joinc ^itr. respect to be packer. Wib chc Y iiippie jotr.c 
below be pacicer. only 'sstc SMgs are cor-iected to be 
55 bo -or. face of be packertbe upper brarxh of be Y. bi 
TToducuon rub:ng citer.cbg mto be oil sunip 2nd be sbon 
strxg ^ib its rer:=vaole plug. To boeasc be packer cecb. 
ar.d, correspondiT-gly 'Jiz: of be apex 0: tne sypbor^ tr.e 
bvened Y tiitxjle joirt is located above a four sri^g packer. 
^ b wiich two 0: t^c srbgs are connected to be lower 
branches of be b verted Y, be tiird sMg is cocnccted to be 
■production tubing extending bio be oil sunp a:id bs fourb 
strbg :s be tercporar.iy piugged-of punip by-pass. Tr.c 
oroductioa tuoisg rr.ay end just above be packer vibout 
£5 reachbg be surface b be producaon sMir. f ows tbrougii 
be r7.y?.g/s'^ar:t tutnag annulus, 
Wib steair. get: era ted downhole. togeber wib pcrraanec;: 
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g:j;3 iCH-, H2) using '-he ^cuims::: ciescr.bsd anc cizir.ed 
U 5 ?3;- No. 5.052.-iS2. :: is pre:er36ie to i2;ec: jit. r.tziz 
ar.d gaiei iirouga s'.de cpecir.g oi 's.c do'Aiihoie liree- 
way vaive 'jiio ODe cr3:::.icie, while conveying ihs dtocl::- 
•jon sc:ean: rom tue CJisr ±:i:nhois lo ihe csnrai produc- ^ 
:ion rjbirg ::roi:gh Cis rciai opeair.g or ics ciou.-zhoie 
v2ise Tzs squ:pu:er.t nd procedures for dnllir.g. gnvsi 
pacjang. cementation, tis-in o: :nu]tiple drain roles aad for 
*j;sir rjOLT-g completion, previously descnbed, are also appli- 
cable witb 5one minor niodincations which be ndi- ,^ 
caied la:er. 

[c w'JI be apporen: :o L'lose sidled in ihe an oc olI v. ell 
dcs:gn uha: i: is -o: possible :o cover all 6e sin:a::or:3 
cncoan:ered in ail reser^ou-s, because of their iadrutc ovsr- 
sicy, but ihat Lhc equipment and procedures descr/oed hereui , 
lend iberiiseives to a very large aunber oc cotnbtnauoas and ' 
permuncons. which are capable of addressing most sioia- 
lions ui which inuiupie horizouLal drainholes may be advar,- 
tageousiy used. Such combinaiions ar.d pcrmutaaons, which 
are obvious to chose siaJied n uie art, do not detract trom uhe 
spin; of -le prese::i inventioa and are included in it. 

R£-£NTRr INTO .AN EXISTING CASED VVELL 
OVORK-OVHR) 

The cos: of drJI a.id cementing the venical cased v-eil 
:s a large portion of the iocai cost of a well presenting ±z li 
general conngurauons descnbed above, Re-ecr)- into an 
existing cased well for cnilLng. gravcl-paciang, ccmcn'jiaon 
and liner tie-in of muiapie dramiioles is a cost-cccctive way 
of increasing producdvity. 

If -jie existing cased well alrtady presents a suioble 30 
deviaaon for the use of Case 3 procedures, the absence of a 
prt-esiabiisccd window in the casing strjig coay be rem- 
edied by oilling a side-track window using available tapered 
mills guided by the novel retrievable whipstock latched in a 
driiiafalc whipstock padccr sei slightly above the deviaaon 35 
depth. Tnc procedures and equipment, other than the special 
casing joint, arc 'Jjen the same as in Case 3. provided that 
known downhoie oncntacon survc>ing methods are used to 
remedy the absence of crc-detcnrined alignment lce>'s or 
grooves m the casing. ^ 

In most fields, however, the exisdng casuig will be 
essennaiiy vertical, so Cases 1, 2. 4, 6, 7 and 8 wili be mere 
relevant 

CASE la CTV.TN WHIPSTOCK INSERT) 

The procedures of Case 1 may be used if a twin whipstock 
insert of diameter less than the drift diameter of the existing 
casing is run-in. hung in the casing and cemented ai the 
selected depth above a plug permanently set in the casing. 
Tnc onented insert (FIG. 9). is held by a known packer/ 5Q 
hanger (58) set hydrauiically or by wireline tools. The 
hanger's slips are preferably located in the lower pan of the 
insen below the drainholes so as to avoid any mtcrferencc 
with them. Here again, elliptical windows will be milled in 
the exisung casing using tapered mills guided by the twin 55 
whipstock (3). 

In another embodiment (FIG. 9a), the hanger slips arc 
located above the twin whipstock, so that the casing may be 
entirely milled over the depth mtcrvai of the windows, 
covered by the rwin whipstock (3). io 

CASE 2a (TWTN DEVLAXED HOLES THROUGH 
NULLED CASING INTERVAL) 

The plugged casing is miiled over an interval sufident to 
drill the sideG^cked starting holes of Case 2 (FIG. 9a). 65 
Starting of the holes with a bent snb/downhole motor 
assembly may again be facilitated by fint undcr-reammg 
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~a: I".- 'jii o: •::0Lec rjoungs iji l:::e:3 12c: ncr ^-zazztz: 

CASH 4c: (STAC:<ZD DR-AIXHOLES [>' 
CASING) 

i:T^3::zg caiizg :s z-dilzd ou: ar:! ihe noii is 'zr.zt:- 
:t3^zz :o a ±2:2t:z: 0: aeon: 30 ir.. ov ;r 'Jze depir. :i::erva:s 
corr^pocdiizg rs^pccuvciy ;o each draiiir.ole 5;an. A ca^nj 
ca:c:: :s 'Jicn r^n-u: 2zd :as:;c;d lo cce C25i2g by ricaiis cf 
[5 n2i:gcr sbps (59) aiove a::d :wiow izi lov-sr r:iJ!sd-ou: 
mrervai Trji tzibociniec:: :5 3hov«"3 on FIG. 10 

Tzt casing pa:ca rrrssr/^ ciosc SL-r-Iar.dt5 w:l-[ 
special casxg jo'^: 0: Case 4, txc^oi I2z: OL'-side 
c:a.^sL:r n-s: bs liss r.ar. 'j:c drLrr d:a:r.scir of =.xis*^g 
:o casmg and 'Jiat i'j cu:rr surfacs, oppos::^ ±t piug^:d 
;ri^coptc sr-b (39) :3 now covsrid oy an ;xc^ai ranker 
panxrr (60). which, v-nsn miaird -Aim ccnicni slurry 
:nnrt:ly 2 lis 'Jr.c r^azicd cavT:>*. A suiinbie dsM'ci ;nciLid:ng 
sr.:anng Z:s'xs also allows :o in;^. Lie c::r::t:n: ii'^y :n '-ne 
IS overlap (61) annular sozcts between C2su:g and casiag 
pan:n hangtrs (14) aoovc and below izt c=n:=n;-r_li=d biac- 
drr, diL-ing bydrauiicaily-conffoucd ixarnsion of the srjb 
in:o Lie sl-^y fling Lie r!:bbcr bladder. As :n Case 4. l-- 
srjo (39) is support and guided dunng 1:3 extension by a 
30 iced gliding cage (41) and a iiiooilc inner guide (42) whicn 
pcncr^ies only bal: way outside ±e casing. Added suppor. 
and guidance is also provided by several cables (61) 
azached :o the rubber wail and pulled under hydrauHca][y- 
conaoUed :ccs:on fn^cz a dnJlabi; drjm (63) through 
35 u:chn=d holes (64) ui Lhe casing pa:cn wail, a: vano'-i^ 
iocanons around Lhc machined edge of «e cliipacal v.indow 
(1) 'jirougn which Lie srjb :s e^tenccd. 

'"-^Ith Lhc rubber bladder fully milaied and pressed agaics: 
Lie reaped ca%iry wail (40), *±z Liugh: cables provide 
-•^ adddonai guidance and support :o ±t srub (39) ui i:s fuiiy 
tx'xndzd ^siaoc. The cniiablc f^dzs and L'le :a:l-cnd 
cnUabic collar (35) of Lie su:b are dni!ed-out af'xr the 
ceraent has seL This restores '±c vcr::cai cased we!l to a 
dranieier equal to Lhat of ±z C2Sir.% cam drift d:an-.e£cr. 
"^^ A second casing patch is run-in, onenied. hung and 
cemented, with full extern ion of the second srub into Lie 
upper irazied iii:cr.-ai, mus pro\-id:ng ±i star, for the second 
drainhole. 

Driliing, gravel iacJcng, liner banging and cementing 
procedures for both drainholcs re idendcal with those of 
Case 4. The rubmg conipieaon assecabiy scuip:nent and 
procedures are also the same. 
Tee eabociment of Case 4 ui which t:c-ir. 0: the drain - 

5j holes is by means of intemtcdiax Unsrs L-iser.cd and 
cemented in side-cracked holes dniled Lirough eliipncal 
y'-iiidows by gxiiding the bit vtrj a recne^-aole v,h:ps:oc:< ss: 
in a driilabic whipstock packer n:uy also be adapted. The 
absence of pre-es'^b iished u-indows plugged wi'ii dnUaole 

5 J ~e:ai may be rsmedied in several ways. 

The nrst method calls lor milling each eiiipccal Wf'indow 
into the exis±ig casing with a tapered mill guided by a 
suitable rctncvabie whipstodc The wnipstock required :o 
zidl uie lowest window and to drlli and compieie Lhe lowest 

55 drainhole is set and oneated in a packer, as m Case 2 j. Tne 
wnipstocics used to ttitII the other vi.indow3 may tncn be 
stacked, each into Lhe adiaceni lower wm:? stock and oriented 
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v.iy l"-!: -^scd for *_•:: top 'J-hirsrcc'^ of Ci>t 1 T^e 

rn:- L::e cone- up or iror^. -j-.e :op do=--. Iz iz 
a!:er7Ji::v; procsc^, '^t s'jppcni::^ pack:: :s r:!;a5ic ir-:r 
cczipisucr. o: e^::: holi or cs?.:vr.o{c izd. succissive'.; rtsec 
ar.d re-oner:*-^ a: 2 direr: nt depth for z^h of ".hi och:r 
boies 0: d--^ii:o'.ii. Again '^.e wrjpstocxi art ±i2£td by 
a pp 03:3^2:; ov;rsooc lax^g tooU, prsferaoly scuippr^d 
wi-j: end mi:i:::g curjim :o rtmovc a::y pr^crdirg obscj:- 
Lcr.. 

Tzt secocd cs'-noc again -scs a spec.a! cai™^ patca, 
snovr-o on FTG. U. an open dupcicai window, 1 6i). Tzi 
casing pared is sit :n 'jic casu:g oy sups anovc and otiiow a;: 
Ln:=rf-ai ov-r ^.nica ±t cas--ng was niiilcd oll Tdi casrng - 
pacch includes a pr=-onin:ed w.h:os;oc!c pacxcr C3l) m :cs 
iov-sr pan. I: aay aiso be rja-ia '^-li l^.c rm^vanic 
wh:p5;ocx (32) aLriony b ploc;. After sening nangrr 
slips (14), 'zt driiing b:i and scnng, guided by the 
wr^pstocic L"irDugh open ciiipncai vfcindow. are Lised :o 
drJl Lhe side- racked noie and operanons conunue as n: Casi 
4 

r::LS is uic prtrerrcd ez^xxlimen: for desp wcils, because 
i: provider 'cic largest diameier drainnolcs. for ±z zr~zz^-drz 
casing dianiccer, pn3v:d=d *iu: cemcnunon problem are noc 
Ljcely :n the :yp«e of fcmuiion exisnng a: mc drair-hoies 
iack-ou poinis. 



CASE 6c (H-OW TKROUGH A S^THON Cs' ^0 
EXISITN'G CASING) 

The ei:s:ing casing. v.-.Lh iis pcrfcradons plugged o^, 
consdrjrss -le cJ sun:p required is tne do'A-nwaris leg of 'iie 
sv^aon (see FTG. 11). The producnon rjbing must exiend Co 35 
'jie bor.om of Lie r^o. where tie oumo is locaied, as in 
Caic6. 

Dniiing, gnvel padcng. ne-in and cercencmg of 'J'.e 
drairiioies mav be obtained by any of L-ie nseinods dricribcd 
m Casc5 la, I2. and -la -^o 

?or instance, Lbe rv-m wrupstocx used m Case ia includes 
a f:0w-thrT3Lgh hole connected :o a tail pipe (66) ec-uppcd 
wr-h a pun:p r^nvcr nipple joint (67) a: Lne bottom. The 
upper face 0; the hole aJso serves to receive one of ±c 
aiigrunent pins (8) of ihc recncN-abie top whipstocS:. This 
hole is also trmiaatcd by a polished bore rrceptade (10) in 
which the production rjoing s±:gcr, equipped wiLh chevron 
seals, will be stabbed urior to setting the oanlccr, as in Case 
6. 

-Tnc only dicerence is thai a castng patch is now used 
instead of 3 special casing join:. Hangers (14) are used 
instead of threaded connccnons. 

Tnc cubing compledon assembly ar^ its installation pro- 
cedures are identical v,vj\ those of Case 6. ^, 

Using the drainhole drilling and tic-m method of Case 2c, 
±e only modtfcanon required is the drilling of a vertical 
hole through Lhe cemen: and dnllable casing plug arrr 
cemcntanon of the two intermediate ILncrs. to pros-idc access 
into liic od sump Lhrough which the production n:bing will ^ 
be inserted. Tnc tubing completion assembly of Case 6 is 
simpiined because the tad pipe termirated with its pump 
anchonng nipple joinc is LTreadcd directly into the bonom 
face 0: the anal smg pacxer. 

Tac drainhoie drOiing and ne-m procedures of Case 4c 55 
remain unciianged, bu; tne luomg comoicaon assembly is 
Lhe same as in Case 6 




I: car. u^ed w::.": any oi" izc ^cU coEiigurai^oai rescung 
:xor, cra^ole crJiing zzd zt-'^ methods cf Case^ 1::, 



CASE 8a r"KUFr .Oil? PUFF' MODE Or 
:o OPER.OTON' Cs' Vv-ORK-0\'BR NVHLL) 

Ths :i:bii:g compiccan ai^erzibiy is simiar to tha: ir. Case 
8. (see FIG. U). h pnzciple, ail "Jie CT'liu-.g and ne-m 
meihodi 0: Cases 1;:; 2c and 4a an applicable, provided :har 
ir.e inside dian^e:er 0: the inscr. or casing patch is suSasn: 
:o accocodais two dnuriiole rjbng stnugs bdow Lhe 
pacJcer, whca the pccip is locaied above ie packer, and 
'Jiree tubing smngs when pumping is 'jirough a syphon. 
WirJi ih* two draiaholes operated in "hu^ and pun*' 

;q 'ciown dovnhole wirsime rctrevable thrre-way valves arc 
also included in the aibmgs m a valve nipple joini. The vaivc 
xpple }ou:'^ (55), coDcectoi :o ±z lower branches of u'ls Y 
are :hea below the hanger, so 'iheu- hydradic control iLtcs 
(56) also pass through and er^nd below the hanger (14). 

li If duai pomps locaxed in the drainholes are ^ascd (see FIG. 
13), the one locaied m the injccaoa dr^inholc is pulled occ 
of vs scat (e. g. a progressive cavity pump) or pumped out 
{t, % a casiag-rree type jet puxp) prior to switchmg the 
drainhotc to the injeoion mode. Each tytw 0:* ^ximo is 

30 acxa:ed through its own side entrv* conduit Tae side entry of 
the rod smng or that of the power fluid r-bing is aiwtiys 
locaieii bciow dse valve nipple, so 35 not to mtenere with the 
valve operalion while unseating the pump 

Tnc ';i\LTZ'^ producnoa strcan in ihc annulus bccw-cca 
liner and rod suing is discharged uhrough the side port of the 
valve into the caiing/injection rubing annulus. A casing 
pacxcr is no longer required, but a 3 or 4 string hanger (69) 
is used instead. When *j;c Y mpple joint is below the hanger, 
three strings arc required, respectively connecied co: — Lhe 
upper branch of the Y* 

both 0: Lh* side-er.n-y conduit C^) through which tnc 
rotating rod scings (70) driving progressive cavity punps 
are inserted 

J Vr''hcn hydrai:iic or jet pumps are used, the power fluid, 
pu33pcd from the surface through a suigle cubing stabbed 
into a receptacle above -^t hanger ia also fed to the pumps 
in ail diainholc liners by means of twin conduit leading 
respectively 10 each of the two side entry points. It is through 
those conduits tha: smaiier power 9uid tubings arc insetted 
into the diainholc liners, with a pump linked to each of them. 
The produciion stream fironn each drainhok. mi:ted with the 
spent power Suid is then discharged into the annulus 
bcnvecn Uner and power fluid tubing to uitinnately reach the 
casing annulus where it is comrningied with that of the other 
drainholcs and conveyed to the surface. 

When the the Y nipple joint is above the hanger, the valve 
nippies may then also be above the hanger, together with 
their control lines. On the o^er hand, the two lower 
50 branches of the Y and the corrwponding two side entry 
conduits require Lhat a 4 scring hanger be used. 

In ail cases, however, the tubing completion asscabiy 
niay be run-in and set in the casing in a single tnp. even in 
the most complex configuiatiocs of Cases 8 or 8a 
55 claim: 



y'.. Apparatus for completing a muld-branch cased wcU for 
recovery by sequential cyclic steam injection memods 
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ecu:pped. hcaio-cai 'Cranzces, 
said aopznrji cclude^ -c\»rTj:oie ac-iirmenL, too- 5 r:d 
dsvx23 for r.alcrg ca^uig/Uner and iiner rjbuig 5e;Lled ; 

ncctions. coizpnsicg: 

a) 2 special steel caimg joint equipcsd w^'ji a hr-d 
c:e:al rr.iil'j-cdarinei whipsiocic pemancnily ^x-zd 

to and sealed in said casing joir: by means of an :q 
upper guide pir-e presencing at liisi :wo sciall 
:ced-d"irDugh vcrdcal holes, ozz of wructi Lerc:::jLiccd 
ac both esds by chreaded connections, and tv-o liner 
vertical hcies. each leading £o a sianied cylizdncai 
cun'ed channel pariy nilcd witd a ceaenc plug a::d (< 
cacb said channel leading to an elliptical T.'indow 
machined ia a direction slanted downwards a: a 
pre-sciec'ved kick-of angle into the wall of said 
casing joint and plugged by a drdiable piats coa- 
fonning wri'da the outer sunace of said casing joiat, 20 

b) a rctncvablc wedge-type top whipstock tool wriose 
base presents at least tv,-o alignment pins or prangs 
ritting into said g"j:de piaie small holes, in which they 
are held by rcleaiablc latches, said lop whipstock's 
oa:er iat^ml sunac^ presenting at least one ia;cr^g 
recess for its removal using an overshot tool, 

c) ar. overshot tool equipped w:Cn reieasabie hoo<5 ;o 
pull out, re-onent and reset said top whipstock, in the 
same tnp. 

d) a steel liner inserted in a drain hole driUed thnjugh 30 
eacn said whipstock channci, said iincr hung with 
devices resisting linet weight and thermal cxpansiOQ 
forces appbed to said liner from above as well as 
from beiow and said Hner pcnnancntiy scaled into 
said channel by a pressure- sealing device including 3,- 
a heat-resistant seal, in addition to thennal cecen::, 

c) a tubing compiedon assembly conveying prodncuon 
fluids from a d-ainhole to the surface and steam from 
the s'-irface to a diainhole; wherein said nibing 
compiedon assembly is terminated, at its lower end, 
by a hea:-rcsisan:, pressure-dghc, muldple-meajc- 
able-sealed connccnng device wherein two pam of 
verdcai tubular connector prongs, equipped ^idi 
reieasabie high-:emperamre-sealing devices, respec- 
tively nt into the two larger holes and into the two 
smaiier holes in the guide plate of said special casing 
joint, to respect! ^*ely convey production Suids from 
a drairiiole to said tubing assembly and steam from 
a known three-way valve to the other drain hole, 
f) a hydraiiiicaily-operared slot-cutting tool for selcc- 5Q 
tively perforadng said dramhole liner lo establish a 
flow connection between a surrounding oil reservoir 
and said liner b its uncementcd lower partj 
Apparatus for completing a multi-branch casccfwell for 
oil recovery by sequcndai cyclic steam injection methods 55 
and for petroleum producdon ffom non-unixormly- pressured 
heterogeneous reservoirs through medium curvature, liner 
equipped, honzonLai drainholes; 
said apparaojs includes downhole equipment, tools and 
devices for maicing casingAlner and iiner/tubing sealed 60 
connections and mdividuai liner/drainholc Sow con- 
nections, compnsing: 

a) a special steei cylindrical casing joint presendng an 
elliptical side window macfained at a prescribed 
small downwards kick-off angle and covered by a 65 
drillable merai plate shaped to conform with the 
outer sunace of said casing join: which is also 



's.'.i-j-'^. 5-- racier ir. 2ccortr::e i z-.zizzj^g 

saii ^ h:ps:cck Trssir.ii i: !jas: r-~g groove on 1:3 
5:2n;ed s--r:ace ard a: Iczs: ozt iiichirg rtce^s on iii 
cvlincncal iurface, 

d) z sncr. L2i;rz:iz:a:c s:;el Iiz^ c: a c:az:;:ir shg::-; 
szial^er 'Jiin szic v>-izcow'i scon axii, a:!ow.ir.g :;o 
rserdon L2:o a 'ock^-or hoi:^ uirougn the v;ir.GO'.v 
-vi-zsriia Loe i:p?::r ecd 0: s^d r.:i:T::c±a£= lizer 
IS ecmposd y'";:^ a '::tss\i:Z'iC2lizg gaskcard cr.'i- 
abl; coLar soaocd :o :ocior= bor. wtdi ±t isir.cr 
siirfaoe 0: iiie casing jouac along Las edge or* s.t 
w'jidow arc w^L- said g-aicizg groove in lai woio- 
siock. so ihz: said gaskiitd ccd, when prsssed 
agaias: '.ae 'Jit ivjzzr SL^fac: c: Lr.c casicg jou:*^ 
proNides a perzu::cc: aigh-:^— pcraraii ;n acdi- 
don :3 Liirna] cz:2zz: arcacd said iniinnediaii 

ar, ovcszo: :cx3l. =qu:cpcd birnnily w:l-i 2: leai; 
02c sp.-iag-load^ hoojc Co larcd into 'Jiz w:::ps:oc'<'5 
larohiog recess or Jciy and pdi :C out: said :oo[ also 
pr:seo:i a: 13 lower end socie n^iliir.g cur.ers. for 
3u--:*ac:rg L^e Imer^s drilable coUar and for drii:ag- 
o'-t tae pacx^- slips a.nd r-ppon, a::d said coc: 
'iTxiudcs a laichir.g device, for puiimg-ou: 's.t 
dnUed-o'j: packer. 
0 a seiec::velY pcnoraied dram^oie s;eel liaer ir.scr.zd 
\2 a drainiiole drilled taiugn s^ict ir/-rrrr^cdi2:c beer, 
d'ang irozi above as wcU as rroT* btriow acd 
cczizziid in lower p=rv ot ss:d micr=icd:a:e hner, 
and ha^-r.g ihz anr.ula: spa^ b<jwctn ic^rrr.ediaie 
bner and d-n:n'role Lzer seaied w^m ar. icLTlatabie 
packer. 

g) a raomg coxplecop. assembly conve>-:ng produc-jcn 
rl'jids rrorn a d.-z:rj:oic to t::e surnics ard sceam rrorr. 

surface :o a dra:rd3oic wherein sa:d rubing 
coizpieuon :5 LrrTHinaied a: iis lower end cy a 
hea:-rTis:s*La::*^ pressurr-dghc, rcuitzpie-rreaJcaoie- 
sealed corjiecimg device wbereui seveiiii arucuiated 
corj:ec:or s:ce[ rzbcs are r?rh irser.ed into the upper 
oar. of Lhc in:=rT:iedia:e liner of a dr^ahole. and the 
annular space between the inner sunace oi sajd 
in temped", ax liner and said connector mbc is scaled 
by an mdatabie thcmai packer, 

h) a hydrauiicaily-oper^ied sioccurnng tool I'trr selec- 
tively pertorai;:^ the uncemcated lower par^ o( each 
dnuiiolc linerjf 

Appararjs Tor cowplccing a muld-brarch cased well for 
recov-r%' by sequendai cyclic stca--n injecnor. ntenods 
and ror pctroieum production ^^ci non-unLrormiy-prcssured 
heterogeneous reserv^oirs through medium curvarure, liner- 
cquipped, honzontai drainholes; 

said appara:us ;nc;ude5 dow-nhole ecuiptnent, tool and 
de\-ices for ma^nng muitipie cas-.ng.'liner and bncr/ 
oibmg sealed connections and ind:^^dual Imer/drain- 
hole dow connecdons, comprising: 
a) at leas: one spcaal casing joint in Lie carmg scmg 
of a verncal Qole, opposite a rtCT.ed interval srad- 
dhag the idc^-on points or one or more drainholes, 
said jomt presennng one or mere eiiipdcai windows 
onentec co'^'nw-ards anc facing pre-selected Icc.c-otr 
directions at various depths, 
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r:"* I itiiscoaic sml u^er 5rj3 clos<x 2: -/^ .ow^ tzi ry 

::iaca:n5C a: xnh snds lo coricrr. rsspcc'^v?!; 
crc ourcr surracs of fi:e casuig wu'wOw :or uis lo^er 
erid and *jic l—st sunace 0: u:e casing y-'uacw 5 
ror ucper end, 

c) :wo drd!2Gl: mi'jii guicc cages supccrnng sa:c sr-b, 
i::ciined a: the jcck-of angic, v.i->. one of cde r-^'o 
giaida cages ai5:;ici insics Lhs caung jomc by crZI- 
aoie fastsaen v. 'zilz oiiisr, fr;s;y ui^crxd :r.;o r.s , ^ 
sn^b, 13 mooils and can slide v-ri'in said nxed guide 
over 2Z :r.:sr*-al squai to a fnicDon 0: ihs soib lezg'd:, 

d) a dnllabls gasxeied collar a&xsd :o the scab's -pper 
zzd :o proven: sa:d islescopic srab's upper -rad rorn 
popping out ihrough uhe w-nndow mco *j:e reined 
cavTiv when iDc scub is extended by increa^iag 'Jne 
hydraulic pressure n :he casing wiih respec: :o 'Jiat 
of die amdus dunng cenienta:uoa of tne : as nig 
s*Jing and of tzzb. extended su^b. wrJi a ce"ec: 
slurry d:spiaccd behind 'vne casing and whcnrm saad 
gaskeied cellar prcscnis ac leas: one g^sUdmg Sctv or 
groove sliding along a oar oc 'die nxed guide cag;. :o 
prevent any rotanon of L'le stub around axis, 

c) a scjcl imcr msened i:: a dninnole drilled 'drough 
such a imcr stub, pcmuaently hung by a dual gang- 
er's opposing slips into said sruD and scaled '•".-i a ~ 
high-teiEpcraDure pressure- scaiuig device, in add:- 
non to theniLil cement, 

f) a oibiag conpleaon asscxbly, conveying pnsducdor. 
auids from a drainhoie to ihe surface and s:enrr from 
r.e surface to a drainhoie, having a: 1*^ lower end a 
hca:- resistant pfressure-ag?x mulaplc-breaicable- 
scaled conaccnng device wherein '^lescoptc connec- 
tor steel Oibes inclined at uhe 'ccjc-off angle are 
facmg each w^^dow, uie tube's lower end 
equipped *-!th a hi gh-tcrnpcran.Te scaling dc^Hce 
u:scrubic into the upper pan of uhc window's srab 
and set when said connector :ube is in iLs exiendec 
position, whcreai the upper end of said nibe is 
equipped with a movable sliding seal reclaming 
within a cylindncal cavity of said Lubmg cocpiciion ""^ 
asscmbiy, 

g} a hydrauiicaily-operated siot-cuning cool for silec- 
tiveiy pertora:ic| me unccmcntcd lower part of each 
^ dr^nholc liner J 

L 4- The apparatus forcotnplctmg a mu I ti -branch cased well 
of claims 1, 2 or 3 wherein ±c hydraulicaliy-opcraied 
slot-cutting tool comprises: 

a) a cylindrical tool body inscned into said drainhoie hncr 
wherein a plurahry of cutting wheels, each one 
raountcd on a perpendicular axis to that of said body, at 
the end of an hydrauiicaily-opcra^xd arJailafed arm, 
arc periodically pressed into the inner sunace of said 
Liner wall, which they penetrate, by large forces applied 
only when ihe arms are extended by the displacement 
of a spring-loaded hydraulic piston sliding in a pres- 
surized liquid-nlied cylinder, 

b) a source of periodic hydraulic auid pressure a; tie 
surface, 

c) a coiled tubing of smaller diamcier -haa that of said 50 
drainhoie liner, corj3ecting said cylindrical 'oody to said 
pressure sounce and providing a mechanical linJc to uie 
sunace, to insert and pull-out the tool body ihrough the 
liner, thus causing each cubing wheel to cut a slot into 
the liner wail, substantiaily parallel to the axis of said 63 
liner, while Lhe arms are kept in their extended position, 
but leaving the imcr wall intact wncn Uic arsu are 



cr.; :rrrrL:r.3:ed i corrector rjr-t: iss=":.> eq'^po^,: 
:r.d-'Aii 3 "ino^Ti sealing cev-.cc, 'Jixtz t^zi z jj; con- 
zrsjz^' 's.tr:z2l pacicigs. 0 nzgs iid dsrzl; i^ils. :o 

o: ioid caiing/vjiirs's cor-.eciL-g device, 

i) z cvlindnca! bccy -^zir. M zz-yzr tr.d zor^tcitz :j i 
r^y.zs -'c—r.g ioic rjbing an angis ecuii :o 
•-".a: ::r:::;d zy ;:asir.g./l'-ai;r cocj^ccncg dsvicc ar.d 
C2si::g. md said upper red cc'-untxd w-'iui ozcr.crjig 
z:can3 :o fascra ic to ihz izzt: surfaci a: Lne coding , 

b) 1 zoir^.tz:o: sttil ?Syt siidirg *jrt;'-:gd said cyl-.dr.coi 
'rx^Y Ludrr sirt'acc-cocrxDlicd pressure o: a h>cr:Lu- 
l:c f.ind wbich also cocprcsscs a sor.cg agaizsc 2:: 
irrz5:ar nag. :o prcv-rd: a spnng-loidid. a!gh-:cc7.pcra- 
rort ;r.d s^ol 0: said cooasctor r-ioe when m l:s 
e^isadsd position, 

c) 2 w:r=iir--r:ieasaD:a n:cchar;:cai lari rji:nt--ing sa:i 
spnag under corapression after idc aydr^uiic pressure 
ooj >ser. Teiea^. 

c) n:eani for latening a suiiab!; rctr.esai wreUne tool to 
■ji; taii tzd of said corj:=ctor ziyz :o rcL-oct 1: and :o 
:a:cn :: :z:o said body in t3 rmcted posiuoQ, m i:i 
ssenc tha: tn= whole a:bing corapiedon assembly his co 
be pLiiled out for inspcc::on 0: repam. 

;) a paccng-rr-pe, high-tectrpcmnre lateral sea! in ±z 
ans'iius xrween said cyiindricol body and che tu:>: 
wTthir. sa:d connector rabc assembly. prON-tding a 
breoxable pressure- sealed Sow cocnecnon bcwee:i 
said Iincr and sjjd pjbing. 

0 a pacjnng-ry-pc, ncai-xsison: se^l araund said cor.r.cc- 
tcr rjbe, aoove said end seal, prov.dmg on addiconai 
tressurc-seoi against the inner siirfacc 0: ihe czstng,^ 
Imer connecung devtcc in yi>nizh izc connec'x: tube :s 
r^ened^ 

L 6 Tae aopanms for ccntpietiag a muiu-bronch cased =:! 
acconing to claims 1, 2 or 3 further coc:pnsin§ a dowTihoie 
piirr.p 2nd nrcans for prevent:rg putnp cavr^don and gas 
locjc iz the nibing con:pIct:on assen:oiic5, w hen they convey 
gassy or boiling productioc Suids to the surface; 
said means cocTrising: 

[) 1 vertical sump, ciosed at its top by a cocvcnaonol 
mniti-sn^^ng tubings/casing packer and connected to 
said multiple drainhoies, and wherein Lhe absolute 
dow-ing pressure of said produced fluids, a: the point 
of highest ele\'adon in the now paih ironi the drain- 
holes to said sucip, may drop below ce bubble point 
absolute prrsstre of said Suids. a situation resui'jcg 
tn gases being evolved or coming out of solution to 
form a gas pocke: which inierrupcs the dow of 
liquids fron: said drainhoies into Lie sump pump. 
2) a wvreiinc-rechevable gas-pur^*ng device suitable for 
latching into the short sMg of the muiti-stnng 
packer located at the top of tne sump, wherein said 
device is laicer. from a dowr^nolc equipment list 
comTTising: 

3) a aormaUy closed subsunace vaiv- whose opening is 
controlied'by a luid level sensor a: the top of said oil 
sump to pcriodicaily pir^e into *-he com-oarmnent above 
said oacter any eas phase accumulating aDove a pre- 
deiemnned Smd Icvc; depth. 




3a:c -u.ri-sr-.zg -pzckz:, ::s ex:: -:o an en-j^-td no*.'* 
2 5^5 f.o^ co-s.tzzoa zcv^tiz in s\zt of i2sz .trsir. 



^7 A rr.er.GC for cnllicg icd cooipfeiiP.g a r.-Jz-rTa::ca 
cased 'A el', fo: o:i :sco\cr/ ay 3ec'j;n*^a! C;-j: i:ca.T. 
:a;-cuon "SLiccs ar.d for cerDleu.r. procuc:::oa i'zz: zcz- 
uniforrrdy pressured hc:srcgec;o'^5 reser/o-i 'jrriLiHa 
rr.ecijar:-c-j_-^acure. !-:;r-:^'-.oced. hcrLzo":^ drLir-olcs. 
wr.crcu: casmg-'lmrr conr.rc^ocs are psrriar.^cd;^ -Siaicd, 
wdsrein l:-ir/rj^ir.g arc coar.tc'^d by brsaidbli-iicii. i::d 
cocr.pnsis Lze fouo-^-jrg si^ps. 

a) cr.:i'.r.g a paL- cf short dev-ar^d boreboisi -JL-up Lac 

30l;o.t. of sa:d vsr^cai w-U casiag, 
3) :rssrjr.g in sa;d pa^" cf drtur.r.oles :-o sbor: laicrrrii- 
d.a*^ s:eil i:::^3 'J:ixg a work snr.g zzczz an 
invcnid Y zizoic iz:z-^ v^o zrzcz'.i-^d zizz.t 'O-'^, 
each or.c tcuopid y.-.!-; 2 rabbrr csmectiag ceo. 
ar.i ha'c^ng said Lr::rcasd:a:e iicer '^z'Ji 1 rcita5a"''c 
ia:ca. 
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c:e::c overiip of a special hi^n-'.err.ceraturc 
ccz:sz: 'jz ±t :asing '.o rrovida i per:z22£z: gas -ugh: 
itirrrai ue-ir. of iJ^s ca^izg vr/s. each Liisrziediz::; 

d) dr-ilig S'^ccesiivaly each cmnr.oie i—c^gti each -j::-:^:- 

;) "jnjiing 3 cciied-mbing sreei !:zer r-cugh each saia 
m:sr:nsdia:e Lzsr u::o said drilsd drarr:ole, 35xing :[ 
CO Lie L-;:er;zediaie [ins: ^ith a cual hanger's opposxg 
3iip3 and 'ailH a high-Lcr:psr^?jr5 prsss^jrs-seai:r:g 
device pno: :o cscicndng ::s upper er.d :o the ir.terrr.e- 
c:a:e Ur.er' s lower e::d. v,vj\ a kt.owt: Cierrr.ai cetnenu 

0 connecting tne upper par: of each ir.tcr:ned:a:£ liner to 
L-e lower cad of a robing assecbW equipped vvri: a 
neat-rcsistan; pressure- ughL ^iiiiuple-breasable-seaicd 
connecung device, 

g) seiecavciy pertoraimg 'd:e -^cenienced lower pan of 
said coiied rjbcg iJicr ":n sipj" jsing a hydrauLically- 
opera:ed iIo:<utLing :ool 21 ±0 end 0: a s~al:er- 
ciaacter coued-cubiiig ra--L3 frcci ihe surrace and 
inserted through said iuo;ng assswhiy a.^d in;enned:a:e 
liacr iz:o said drainhoic (izer."? 



